The Epstein-Barr virus (EBV) is the etiological agent of infectious mononucleosis, a benign lymphoproliferative disease (16) , and is associated with African Burkitt's lymphoma, a monoclonal B lymphoblastoid malignancy (10) , and nasopharyngeal carcinoma (NCP), a tumor arising from the squamous epithelium of the nasopharynx (19) . Although EBV is thought to be lymphotrophic, in NPC tissue EBV DNA is detected in the malignant epithelial cells and not within the lymphocytes which heavily infiltrate the carcinomatous tissue (38) . Biochemical analyses of the role of EBV in NPC have been hampered because the malignant epithelial cells cannot be cultivated in vitro, and pathological tissue can only be obtained by biopsy. However, these tumors can be grown in nude mice, which eliminates the infiltrating human lymphoid elements. These epithelial tumors when cultivated in the nude mice retain EBV DNA and the EBV nuclear antigen (25, 33) .
Each of the pathological processes associated with EBV has a distinct pattern of antibody response to viral antigens (17) . Patients with NPC have elevated immunoglobulin G (IgG) and IgA titers (15, 17) to the viral capsid antigen (14) and early antigen (EA) (18) and to an EBVassociated DNase (2) . These titers increase with tumor burden and can be used as indicators for prognosis (19) . In addition, rises in EA titers precede the onset of NPC by 1 to 2 years (8) . Although EA and viral capsid antigen cannot be detected in latently infected, growth-transformed lymphocytes and are only detected in cells which are abortively or productively infected, the serological profiles of patients with NPC and Burkitt's lymphoma suggest that an activated state of viral expression, perhaps analogous to an abortive infection, may be an important part of the malignant process. Moreover, in NPC, expression of EA and viral capsid antigen most likely occurs in tissues which stimulate IgA production.
Analyses of EBV transcription have been conducted in latently, abortively, and produc-EBV TRANSCRIPTION IN NASOPHARYNGEAL CARCINOMA 581 tively infected lymphoblastoid cell lines. In latently infected lymphocytes, three relatively abundant polyadenylated RNAs encoded by BamHI V, X, and H, BamHI-K, and EcoRIDhet are transcribed (23, 35) . Several lines of evidence indicate that the transcript from BamHI-K encodes a component of EBV nuclear antigen (20, 32) .
EBV transcription in abortive infection has been studied in latently infected Raji cells which can be induced to a more permissive infection with halogenated nucleosides, sodium butyrate, or phorbol esters (24 (27) . In addition, blots of recombinant DNA of the BamHl fragments V, K, R, B1, 11, Wi, C, and H (4) were included in the hybridizations to verify possible hybridization to regions of particular interest. The BamHI fragments V, K, and H are transcribed in latently infected lymphocyte cell lines (24) . BamHI-C encodes two polyadenylated RNAs of very low abundance and two nonpolyadenylated RNAs (35) . The fragments Bi, 11, and Wl contain the sequences deleted from the B95 strain (26, 27) and are thought to encode, in part, the most abundant RNAs in Burkitt tumor tissue (6 
RESULTS
Identification of the EBV fragments transcribed in NPC obtained by biopsy. (i) NPC specimens F and C. Biopsies F and C were each less than 0.05 g. Therefore, the 32P-labeled cDNA was synthesized from the total RNA prepared from these biopsies and primed with oligodeoxythymidine as the only selection for polyadenylated sequences. The hybridizations with cDNA to RNA from specimen F, cDNA to RNA from specimen C, and 3'P-labeled HR1 DNA to the blots of the recombinant EBV DNA fragments are shown in Fig. 1 . The hybridization with EBV HR1 DNA to each fragment is positioned on the left and is aligned with the cDNA hybridization. The strongest hybridization with the cDNAs prepared from specimens F and C was to the BamHI V fragment, which is generated by a single cut within the large internal repeated sequence of the EBV genome. This hybridization was detected both on the blot of the EcoRIIBamHI digestion of the EcoRI-A fragment and on the blot of the BamHI V fragment. Hybridization to undigested BamHI-V recombinant DNA was present on the blot of this fragment. Hybridization was also detected to the BamHI fragments X and C, which are adjacent to BamHI-V, each of which contains a part of the internal repeated sequence. The cDNA to RNA from specimen NPC F also hybridized to BamHI-K within EcoRI-B and weakly to the clone of the fused-termini EcoRI fragment DIJhet. The regions of EBV that were transcribed in these two tumors are represented in the EBV genome map in Fig. 7a .
(ii) NPC specimens 55 and 49. Hybridization with cDNA to the polyadenylated RNA from NPC specimens 55 and 49 was detected to the BamHI fragments V and K and EcoRI-DIJhet ( Fig. 2a and b) . The intensity of hybridization to the EcoRI DIJhet fragment was much stronger in these specimens compared to the hybridizations with the cDNAs prepared from NPC specimens F and C, which might reflect differences in the relative abundance of transcription from this fragment.
The oligodeoxynucleotide-primed cDNA to the nonpolyadenylated RNA from biopsy 49 hybridized to the BamHI fragments C, H, and V within EcoRI-A; to BamHI fragments B, E, and K within EcoRI-B; and to EcoRI fragments D, E, F, and Gl (Fig. 2c) . These EcoRI-DIJhet; and weakly to EcoRI fragments F and G2 (Fig. 3a) . The BamHI fragments H and B1 contain homologous duplicated sequences (5, 27) . Therefore, cDNA from RNA transcribed from either of the duplicated sequences will hybridize to B1 and H. Hybridization with the cDNA to the nonpolyadenylated RNA was detected to BamHI fragments C, H, B1, and V and to EcoRI fragments DIJhet, F, and E (Fig. 3b) . In summary, although sequences from BamHI-V can be detected in the nonpolyadenylated RNA, no hybridization was detected to BamHI-V with the cDNA from the polyadenylated RNA from NPC 18. Moreover, hybridization was readily detected to the BamHI-H fragment from which transcription greatly increases in iododeoxyuridine (IUdR)-induced Raji cells (24) and which encodes an abundant 2.5-kilobase persistent early RNA in a productive infection (21) . Hybridization was also detected to additional sequences, many of which were transcribed after induction of Raji cells with IUdR. of in vitro explants of these tumors with lymphocytes did not result in lymphocyte transformation.
The, transcriptional patterns of these tumor passage levels were very similar. The cDNAs prepared from the polyadenylated RNA from NMs 4, 5, and 8 ( Fig. 4a, b, and c) ments Bi, I1, and A within EcoRI-C; and to EcoRI fragments D, E, and F (Fig. 4d) . These results indicate that RNA processing through selective adenylation is retained in the NPC tissue grown in nude mice.
(ii) NM ed. The pattern of relative abundance indicated by these hybridization results is similar to that found in a productively infected cell line. This is the only sample from which we have detected strong hybridization to BamHI-F, which encodes 11 RNAs in a productive infection (21 EcoRI-A; all of the BamHI fragments within EcoRI-B; EcoRI fragments D and G2; and BamHI-B1.
DISCUSSION
We identified three patterns of transcription in NPC tissue that are analogous to the latent, abortive, and productive infections identified in latently infected and itiduced lymphoblastoid cell cultures. To present and contrast the NPC transcriptional patterns best, we grouped them according to pattern and compared them with the corresponding pattern in the EBV lymphoblastoid cell lines. In Fig. 7a , the transcriptional patterns in NPC tissues F, C, 49, and 55 and in the lymphoblastoid tumor grown in nude mice, NM 3, are compared with that of a latently infected cell line (23) . The patterns of expression in these tissues are quite similar. Whether the apparent differences in the relative abundance of transcription from particular fragments in the NPC material represent fluctuations in transcription or reflect differences in preservation of template RNA is at this point unknown.
NPC 18 (Fig. 7b) is of particular interest because the regions of EBV which encode RNA in this tumor are different from the other NPC specimens or the latently infected cell lines. The transcriptional pattern is similar yet distinct from that of IUdR-induced Raji cells (24) . One difference is the readily detectable transcription from BamHI-Y, a region of the genome that does not encode RNA in latent or IUdR-induced Raji cells but does generate five RNAs, two of which are early, in a productive infection (21) . The other obvious difference is the lack of polyadenylated RNA from BamHI-V. Tran 
